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OPTIMUM DESIGN OF COLD FORMED STEEL 
RESIDENTIAL ROOF TRUSSES 
L. Xu!, H. Min2 and R.M. Schuster3 
SUMMARY 
A computer-based optimal design approach for residential roof trusses using cold-formed 
steel C-sections is presented. The truss design is based on CSA S136-94 and the truss design 
guide published by the American Iron and Steel Institute and the Canadian Sheet Steel 
Building Institute. A genetic algorithm was adopted to obtain the minimum cost design with 
consideration to truss topology and member size simultaneously. The presented design 
examples demonstrate the applicability and efficiency ofthe proposed approach. 
INTRODUCTION 
Cold-formed steel has been extensively used in residential construction in North America in 
recent years. With a high strength-to-weight ratio, cost-effective, non-combustible, fully 
recyclable, durable and dimensionally stable cold-formed steel framing results in better 
performance as the primary structural system in residential construction, particularly in high 
wind and seismic regions. Because of the superior strength of cold-formed steel, cold-formed 
steel trusses will be able to provide economical options, such as large clear-spans and raised 
or cathedral ceilings, that may not always be economically feasible with wood trusses. Steel 
trusses also have great advantages in speeding up the construction process and reducing 
labour costs, since the light-weight of cold-formed steel makes such trusses much simpler to 
erect in comparison to wood trusses. As an alternative material to conventional wood truss 
construction, cold-formed steel trusses for residential roof systems capitalize on the many 
inherent benefits of steel and have great potential in both residential and commercial 
construction. 
In the U.S., the use of cold-formed steel in residential construction is becoming increasingly 
1 Assistant Professor of Structural Engineering, Department of Civil Engineering, University of Waterloo, 
Waterloo, Ontario, Canada, N2L 3Gl 
2 Graduate research assistant, Department of Civil Engineering, University of Waterloo 
3 Professor of Structural Engineering, Department of Civil Engineering and School of Architecture, 
University of Waterloo 
393 
394 
cost-effective. This is attributed to the efforts by truss manufacturers in seeking innovative 
designs which capture the advantages of cold-formed steel. Several proprietary products have 
been developed and are successfully being used in the construction sector. Systematic 
research has been carried out to investigate the performance of cold-formed steel trusses 
(Harper, et ai, 1995; LaBoube and Yu, 1998; Mobasher, et ai, 1998). A cold-formed steel 
truss design standard is to be published (AISI, 1999). In Canada, the market for cold-formed 
steel trusses in residential construction is relatively small, and there are no large in-house 
production facilities for cold-formed steel trusses. Therefore, it is desirable to develop cost-
effective truss systems that can be built on site with site available sections such as C-shapes. 
However, the technology of designing such trusses, which fully explores and utilises the 
advantage of cold-formed steel, is not readily available to the Canadian industry. 
This paper provides a summary of an ongoing research project at the Canadian Cold-formed 
Steel Research Group of the University of Waterloo in developing optimal design tools for 
residential trusses with the use of C-shape sections. The project is co-funded by the Canadian 
Sheet Steel Building Institute and the Natural Science and Engineering Research Council of 
Canada. The objective ofthis research is to develop advanced design optimization techniques 
to promote the use of cold-formed steel truss design in the residential construction industry. 
The design is based on the current Canadian Design Standard for Cold Formed Steel 
Structural Members (CSA, 1994) and the Cold-Formed Steel Truss Design Guide (AISI, 
1999; CSSBI, 1998). 
ROOF TRUSS DESIGN MODEL 
A cold-formed steel roof truss is a system composed of individual members, namely, top-
and bottom chords and web members. In Canada, these individual members are commonly 
C- sections, and self-drilling screws are usually used as fasteners to connect the members. 
The member length in the truss analysis is taken as the centre-to-centre distance between 
panel points. Both top and bottom chord members are treated as continuous members except 
that the chord connections at the ridge and heels are taken as pinned connections. All web 
members are assumed as pin-connected, and the secondary moment due to the eccentricity is 
not included in the analysis model. However, the moment is calculated separately and 
considered in the member strength verification. 
Trnss Types 
By considering current residential construction practice, both Fink and Howe trusses, 
together with their variations as shown in Figure 1, are considered in this research. The 
number of panel points and web members, as well as the locations of the panel points may 
vary in design. For example, if the panels on either side of the top chord become less than 
two during the optimization process, then the truss configuration becomes as shown in Figure 
2e, with all web members being eliminated. 
Connections 
The chord and web member connections adopted in this research are shown in Figures 2 and 
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3. The connection strength verification and reduction of cross-section properties due to 
coping have not been considered in the design optimization process in this research. 
• Chord-to-Chord Connections: The chord-to-chord connections at the heel and ridge in 
practice are commonly made in a similar way with one flange or both flanges of the 
chord members being coped and fastened through the web overlapping as shown in 
Figure 2. 
(a) Fink-l (b) Fink-2 
(c) Howe-l (d) Howe-2 
(e) Non-web Truss 
Fignre 1: Trnss Types 
Ridge Connection Heel Connection 
Fignre 2: Connection at Ridge and Heel 
• Web-to-Chord Connections: The two types of connections that were considered in this 
research are the back-to-back connections and in-plane cOlllections, as shown in Figure 
3. The former is fastened directly through the web of the back-to-back C-section, while 
the latter requires a gusset plate. Although the back-to-back connection is more cost-
effective from a fabrication point of view, which takes more space on a truck during 
shipping. The eccentricities ey which cause secondary bending about the weak axis of the 
web member are shown in Figure 3 for both connections. However, the eccentricity 
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which causes secondary bending about the strong axis of the web members due to the 







(a) back-to-back connection 
Top 
Chord----. 
(b) in-plane connection 
Fignre 3: Connection between Web and Chord Members 
Member Strength Verification 
The truss member strength design was based on CSA S136-94 (CSA, 1994) and the Truss 
Design Guide (AISI, 1999; CSSBI, 1998). The member unbraced lengths about the strong, 
weak and torsional axes (Lx, Ly, Lt, respectively) and their associated effective length factors 
(Kx, Ky, Kt) are summarized in Table I. 
Table 1 :Design Parameters of Truss Members 
Member Kx Ky Kt Lx Ly Lt 
Sheathing 0.75 0.75 0.75 
Top on chord Between Chord chord Purlins on lateral Members 0.75 1.00 0.75 Between Between 
chord panel bracing panel 
Bottom chord 0.75 1.00 0.75 points points 
Web Member 1.00 1.00 1.00 Between panel points 
1. Top and Bottom Chord Members 
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Chord members were assumed to be continuous and are subject to axial forces and strong 
axis bending. In the case of tension plus strong axis bending, CSA-S136 (CSA, 1994) 
converts the moment resistance into an equivalent tensile resistance as follows, 
(la) 
(lb) 




Where ex = Mfx I Cf; 1j; Cf and Mft are factored tensile and compressive forces and the strong 
axial member moment, respectively; A is the cross-sectional area of the member; <I> = 0.9, is 
the resistance factor; Fy is the member material yield strength; Wx = 0.85, which is the 
bending moment coefficient. The amplification factor U x which accounts for the p-8 effect is 
evaluated as [1-CfICex], in which Cex = AFex, and Fex is computed in accordance with Clause 
6.6.2 of CSA S136-94 (CSA, 1994) with KxLxlrx being the strong axis slenderness ratio. The 
factored axial compressive resistance, Cr, associated with flexural and/or torsional-flexural 
bucking is evaluated based on 
(3) 
where the axial compressive limit stress Fa and the associated effective cross-sectional area 
Ae are evaluated based on Clauses 6.6.1.3 and 5.6.2 of CSA S136-94 (CSA, 1994), 
respectively. The compressive resistance factor <1>. is taken as 0.75. 
The axial compressive resistance associated with yield stress Fy is 
(4) 
The effective cross-sectional area Ae:fy that is associated with the yield stress is calculated in 
accordance with Clause 5.6.2 ofCSA S136-94 (CSA, 1994). 
The factored moment resistance about the strong axis of a C- section Mrx is taken as 
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(5) 
where the flexural compressive limit stress Fex is evaluated based on Clause 6.4.3 of CSA 
S136-94 (CSA, 1994), while Stx and Sex are tensile and compressive sectional modulus terms 
calculated in accordance with Clause 5.6.2 ofCSA S136-94 (CSA, 1994). 
2. Web Members 
Since web members are modelled as pin-connected, only axial action is applied on the web 
members according to the analysis model of the truss. Due to the profile of the web-to-chord 
connection, a secondary bending moment about the weak axis of the C-section is induced by 
the eccentricity ey of the axial force in the web member. This moment is taken into account in 
the following equations in evaluating the strength of web members. 
Tensile web members: 
(6a) 
(6b) 
Compressive web members: 
(7a) 
(7b) 
Where Mfy = ey x CJis the factored weak axis moment induced by the connection eccentricity 
ey (Figure 3). (Oy = 0.85 is the bending coefficient used to determine the equivalent y-axis 
uniform bending stress. The amplification factor Uy = [1 - CJI Cey], in which Cey = AFey, Fey is 
defined in Clause 6.6.2 ofCSA S136-94 (CSA, 1994) with KyLJry being the slenderness ratio 
about the weak axis. The weak axial factored moment resistance Mry of the member is 
calculated as follows. 
(8) 
Where Sty and Seyare the tensile and compressive section moduli with regard to the weak axis 
and are calculated in accordance with Clause 5.6.2 ofCSA S136 (CSA, 1994). 
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COST-BASED TRUSS DESIGN OPTIMIZATION 
Over the years, researchers have devoted much effort to the application of optimization 
techniques in the design of steel structures in order to achieve economical structures. 
However, almost all of the research to date has been limited to least-weight design without 
regard to connection costs. An economical design means striking an optimum balance 
between member and connection costs. Since the rise of the cost oflabour in the construction 
industry has significantly out paced the cost of steel, the traditional least weight design no 
longer meets the needs of the industry. Therefore, it would be desirable to take the 
connection costs into account in the design optimization procedure. 
Compared to the estimation of the member steel cost, it is much more difficult to estimate 
connection costs due to the complexity of different types of connections and the lack of 
information on the cost of connection fabrication. In this research, the connection cost was 
converted into an equivalent steel cost and was directly taken into account in the optimization 
model. The cost-based optimal truss design with the use of cold-formed steel C-sections can 
be described as follows: 
Minimize Z = i: pAiLi + :t 2d k (9) 
;=1 k=l 
Subject to: 
fi(A" X j) -1.0::;; 0; (i = 1,2, ... n;) = 1,2, ... J) (10) 
( K .L.) [KL ] -'-' - -- ::;;0; (i=I,2, ... n) 
rj max r allowed 
(11) 
i1(A"X j )-[i1]::;;O; (i=I,2, ... n; }=1,2, ... J) (12) 
Ai E Asec lion ; (i = 1,2, ... n) (13) 
(j = 1,2, ... J) (14) 
The two types of design variables that are introduced in the above optimal truss design 
problem are sizing variables Ai (i=1,2 .. . n) and topology variables Xi (j=1,2, ... J). 
Designated by the gross cross-sectional dimensions (i.e. designation, height, width, lip 
length, thickness, lip angle, and inner comer radius) of the member, sizing variables are 
discrete variables to be selected from two cross-sectional property databases for the C-
section created for chord and web members, respectively. The total number of sections for 
each database is 256. The topology design variables are also discrete variables, in which Xl 
denotes the truss type of the design, which can be anyone of the four truss layouts shown in 
Figure 1. With the symmetrical layout of the truss, X2 represents the number of panels on the 
left side of the top chord of the truss, which can be any integer that is equal to and greater 
than one as the lower limit. The upper limit of X2 can be imposed by the designer. X3 to XJ 
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are locations of panel points which are represented by ratios of horizontal coordinates of the 
top left chord panel points to the length of half the span of the truss. By considering 
fabrication practice, the locations of the panel points are discrete variables spaced at every 
0.25% of the truss span. In general, the lower bound xf and upper bound xl of topology 
variables 10 in Eq. (14) can be specified according to the individual preference on the design 
problem. 
In the objective function ofEq. (9), p is the density of steel, and Ai and Li are the gross cross-
section area and length of member i, respectively. Therefore, the first term in Eq. (9) is the 
member weight of the truss. It can be noted that the member length Li is related to the truss 
topology design variables 10. The cost of a web-to-chord connection is converted to an 
equivalent member weight and is represented by the cost coefficient dk• Integers nand mare 
the total number of members of the truss and the total number of web members, respectively. 
Both n and m are associated with variable X2 and will vary during the topology optimization 
process. The costs of three chord-to-chord connections, namely, ridge and two heel 
connections, were not considered in the optimization model since the cost of such 
connections are relatively invariant in the design. 
The strength constraintsfi in Eq. (10) for chord and web members are shown in Eqs. (1)-(2) 
and (6)-(7), respectively. The allowable slenderness ratios in Eq. (11) for compressive and 
tensile members are 200 and 300, respectively. Eq. (12) represents a limit [b.] on truss span 
deflection which is imposed. The truss span deflection b. is evaluated based on the gross 
cross-sectional properties of the members under specified live loads. It can be noted that both 
member strength and truss deflection are implicit functions of the design variables Ai and 10 
and are to be determined by structural analysis. 
The topology and sizing optimization problem shown in Eqs. (9)-(14) involves finding the 
optimal truss type, numbers of chord panels, locations of panel points and member sizes 
simultaneously, which often leads to a non-convex and discontinuous searching space. In 
addition, unlike that of a truss using hot-rolled steel sections in which both member strength 
and truss deflection are evaluated based on gross cross-sectional properties of the members, 
the strength resistance of cold-formed steel members is often based on effective cross-
sectional properties of the cross-section. The effective properties are initially functions of the 
gross-sectional properties, unsupported lengths and applied loads. Consequently, both 
strength and deflection constraints are highly implicit nonlinear functions of design variables. 
Therefore, traditional gradient-based algorithms are not appropriate when applied to optimal 
cold-formed steel trusses due to the complexity of the problem. 
On the other hand, the genetic algorithm (GA) method appears to be an attractive solution as 
a design methodology that would require the sizing, shape, and topology aspects of structural 
optimization to be addressed simultaneously (Raj an, 1995). GA is an induced random search 
method based on the principle of natural selection and survival of the fittest. It progressively 
improves the problem solutions by recombining the most desirable features of existing 
designs. Because it does not use gradient-based information, the explicit relations between 
design variables and constraints are not necessary. Therefore, it is insensitive to the 
complexity of the solution space. Although it is not always guaranteed, GA often finds the 
near global optimum solution even if the problem involves multiple local optimum designs. 
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Based on the above reasons, GA was adopted as the optimization algorithm in this research 
for the topology optimization of cold-formed roof trusses. 
GENETIC SEARCH 
With the design optimization problem stated in Eqs. (9) to (14), GA was adopted in this 
research to search for the optimal values of design variables. Each design variable was 
mapped by an 8-bit binary string, which resulted in 256 values for each variable that was 
available to the design. A genetic algorithm seeks optimum solutions by simulating the 
natural selection process of living organisms. It is a guided stochastic search process intended 
to sort out the best design within the designated design space. 
For each new preliminary design generated by the genetic algorithm, the strings are decoded 
to gain the information of design variables for the analysis of a truss system. The member 
forces and truss deflection are obtained through the gross section calculation and structural 
analysis, after which the member strengths are evaluated. All of the constraints are then 
checked. The fitness of the design, which represents the survival probability of each design, 
is evaluated through the so-called fitness function. In traditional penalty-based genetic 
algorithms, the fitness of one design would be penalized a certain amount if any constraint 
were found being violated. However, establishing the penalty parameters is a time consuming 
and challenging task since a trial and error procedure has to be applied to obtain the suitable 
parameters. Furthermore, the parameters and format of penalty functions can be quite 
different from one problem to another even if there are only small differences between the 
two. Therefore, a non-penalty based GA (Grierson and Siavash, 1999) was adopted in this 
research to obtain the optimal topology and sizing design of roof trusses. The non-penalty 
based fitness function for the truss design is expressed as follows. 
(15) 
Where Ymax and Z/ are the estimated maximum cost of the truss and the total cost associated 
with truss design 1 expressed in Eq. (9), respectively. Y/ is the fitness of the truss design 1. 
After the evaluation of fitness of all the popUlation, each design was assigned a cost value of 
fitness Y/, which is proportioned to the probability of the design to be selected as the parent 
for the next generation. 
The feature of this non-penalty GA is to discard the designs that violate constraints and keep 
the feasible designs until the population of one generation is reached while generating the 
population of the initial generation and the new generation. The number of resulting designs 
in the feasible design pool is usually less than the popUlation of one generation due to the 
discarding of infeasible designs. Therefore, the feasible design pool was used to reproduce 
feasible designs until the population was reached. This process was repeated to improve the 
fitness of the individual design in a generation until 40% of the generation has achieved the 
same fitness as the best design, after which the optimal search process was terminated. 





Input initial structural data, load condition and 
optimization parameters 
~ 
Generate initial designs randomly; conduct structural 
analysis and evaluate member effective cross-sectional 
properties; carry out member strength verification; and 
retain all feasible designs until the initial design 
population is reached. 
Generate new designs from previous generation by 
performing crossover and mutation; conduct structural 
analysis and evaluate member effective cross-sectional 
properties; carry out member strength verification; retain 
all feasible designs until the design population is reached. 
No 
Final design verification 
Design output 
Figure 4: Optimization Flowchart 
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EXAMPLES 
Two examples are presented to demonstrate the applicability and efficiency of the developed 
method for the design of residential roof trusses using cold-formed steel C-sections. All of 
the loads for the two examples were based on the National Building Code of Canada 1995 
(NRCC, 1995). The dead load includes the self-weight of the truss as well as roof and ceiling 
materials. The snow load was based on the building being located in Waterloo, Ontario, 
Canada. The building is considered a category two building for the establishment ofthe wind 
load. Owing to the lack of labour cost data associated with the fabrication of the connections, 
the web-to-chord connection cost was not considered in the design optimization process. 
Example 1: Shown in Figure 5a is a gable roof truss to be built using cold-formed steel C-
sections. The span and pitch of the truss are 6096 mm (20 ft) and 4:12, respectively. The 
truss is an interior truss with roof panels fastened on the top chords at a spacing of 610 mm 
(2 ft); two lateral supports are placed at the third points of bottom chord. The truss spacing 
between two neighbouring trusses is 610 mm (2 ft). 
Dead Load: 0.456 kN/m 
I I I I I I I 
Snow Load-I: 1.1 04kN/m 
Snow Load-2: 1.256 kN/m 
I I I I I I I 
~
I 6,096 I 
Figure 5a: Dimension and Gravity Loads of Example 1 
Figure 5b: Wind Loads of Example 1 
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The web-to-chord connection of the truss is the in-plan connection as shown in Figure 3b. 
Both chord and web members are C-sections using the following yield and ultimate strengths 
of Fy = 350 MPa and FII = 450 MPa, respectively. 
All service loads are illustrated in Figures 5a and 5b. The six design load cases considered in 
this example are: 
1. 1.25 Dead Load + 1.5 Snow Load-1 
2. 1.25 Dead Load + 1.5 Snow Load-2 
3. 1.25 Dead Load + 0.7(1.5 Snow Load-1 + 1.5 Wind Load-I) 
4. 1.25 Dead Load + 0.7(1.5 Snow Load-2 + 1.5 Wind Load-2) 
5. 0.85 Dead Load + 1.5 Wind Load-2 
6. Dead load + Snow Load-1 
A deflection limit of L1360 was used for load case 6. Unlike conventional optimal design of 
steel trusses which involves only member size variables and the number of design variables 
are predetermined, the number ofthe design variables for topology and sizing optimization is 
unknown until the truss type and the number of truss panels have been determined by the 
topology optimization. For this example, an initial popttlation of250 and a maximum number 
of generations of 100 were selected for genetic search. Five runs with different initial random 
numbers were carried out in order to obtain the global optimal design. 
The results and genetic search history of the five runs are listed in Table 2 and is shown 
graphically in Figure 6. By comparing the results of the five runs, the optimal design is Run-
1. For truss type Fink-I, when the panel number equals 2, it indicates that there are no web 
members in the truss, hence, the truss topology is the same as that shown in Figure 5a. 
Table 2. Optimization Results of Example 1 
Runs I 2 3 4 5 
Truss Type Fink-I Fink-I Fink-I Fink-1 Fink-1 
t::i Panel number on 2 2 2 2 2 (1) left top chord 
'" C§. 
Top chord member C89x5Ix C89x51x C102x5Ix C89x63x C89x5Ix 
-< size 12.4x1.5 25.Ix1.5 6.Ix1.52 12.4x 1.5 I2.4x1.5 ~. 
~ Bottom chord C89x5Ix C89x51x C89x5Ix C89x51x C89x63x 
ro member size 12.4x1.5 6.1x1.52 12.4x1.52 12.4x1.5 6.Ix1.52 
'" 
Maximum stress 0.89 0.93 0.90 0.99 0.91 
response ratio 
Truss weight(kg) 30.3 31.3 30.3 32.2 31.2 
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39 Example 1, Population size=250 
37 I • Run1 _ Run2 l:J. Run3 x Run4 :K Run5 I 
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0 10 20 30 40 50 60 70 80 90 100 
Generation 
Figure 6: Optimal Design History of Example 1 
Example 2: Shown in Figure 7a is the outline of a gable roof truss built with cold-formed 
steel C- sections. The span and pitch of the huss are 7925 mm (26 ft) and 4:12, respectively. 
The truss is an interior truss with purlins placed on the top chords with a typical spacing of 
610 mm (2 ft). The huss spacing is 2438 mm (8 ft), and two lateral bracing (bridging) are 
placed at the 113 and 3/4 spans ofthe bottom chord. 
1--------------7924.8:---------------1 
Figure 7a: Truss Outline of ExampJe 2 
The web-to-chord connection of the truss is the back-to-back connection as shown in Figure 
3a. Both chord and web members are C-sections using a yield strength of Fy = 350 MPa and 
an ultimate strength of FII = 450 MPa, respectively. All service loads are illustrated in Figures 
7b and 7c. 
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2974N 
Snow Load-2 2998N 2998N 
2998N 
2998N 
2564N 2564N 2998N 
Snow Load-l 2585N I 2585N 2585N I 2585N 2585N I 2585N 2585N 2585N 2585N 633N 633N I 2585N 2290N I 638N 
Figure 7b: Dead Load and Snow Loads of Example 2 
30lN 
269N 
Wind Load-2 303N \ 
303N 303\N \ 
303N \ 
303\N \ lOll N 




1003N 702N Wind Load-l 
Figure 7c: Wind Loads of Example 2 
The five load cases that are considered in this example are 
I. 1.25 Dead Load + 1.5 Snow Load-l 
2. 1.25 Dead Load + 1.5 Snow Load-2 
3. 0.85 D + 1.5 Wind Load-l 
4. 0.85 D + 1.5 Wind Load-2 
5. D + Snow Load-l 
2656N 
2290N 
A deflection limit of L/360 was used for load case 5, where L is the span length of the truss. 
To apply GA, the initial population and the maximum number of generations were 150 and 
100, respectively. Five runs with different initial random numbers were carried out to obtain 
the global optimal design. The optimization results and design history that associated with 
the five runs of this example are listed in Table 3 and is shown graphically in Figure 8b, 
respectively. After comparing the results of the five runs, Run 2 was selected as the final 
design based on the consideration of truss weight and the number of different member sizes. 
The truss panel layout is shown in Figure 8a. 
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Table 3: Optimum Results of Five Runs for Example 2 
Runs I 2 3 4 5 
Truss type Howe-2 Fink-2 Howe-2 Howe-2 Fink-2 
Panel number on left top 3 3 3 3 3 
chord 
X -coordinate of 151 panel 
point on left top chord 1743.46 1485.90 1584.96 1901.95 1703.83 
(mm) 
X-coordinate of 151 panel 
point on left bottom chord 2734.06 2119.88 1743.46 2357.63 2054.32 
(mm) 
X-coordinate of 2nd panel 
t:) point on left top chord 2734.06 2278.38 1743.46 2357.63 2199.13 
" (mm) en r§' 
X-coordinate of 2nd panel 
<: 
~. point on left bottom 3962.40 2793.49 3962.40 3962.40 2701.35 
~ chord(mm) 
'" 
en CI27x51x CI27x51x CI27x51x CI14x63x CI14x76x Top chord member size 
21.8x2.28 16.4x2.52 9.1x2.28 15.5x2.28 15.5x1.52 
Bottom chord member C89x63x C89x63x C89x51x C89x63x C89x76x 
size 6.1 x 1.52 18.8x1.52 18.8x1.52 18.8x1.52 6.1x1.52 
Member size of Web-I C89x89x CI02x51x C114x51x C89x63x6. C89x51x 20.3x1.90 18.8x 1.52 6.1x1.52 Ix 1.52 IO.1x2.52 
Member size ofWeb-2 C127x51x C89x63x C89x63x C114x63x C89x51x 
25.1x1.52 18.8x 1.52 16.4x2.52 20.3x1.90 6.1 x 1.52 
Maximum Stress 0.87 0.81 0.95 0.95 0.92 Response Ratio 
Truss weight (kg) 89.8 87.2 87.1 89.2 89.1 
->-----2338---o-
i--------------7924.8--------------" 
Figure Sa: Optimal Panel Layout of Example 2 
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Figure 8b: Results of Five Runs for Example 2 
CONCLUDING REMARKS 
A genetic algorithm based optimal design approach for residential roof trusses using cold-
formed steel C-sections is presented. The objective of the design optimization was to obtain 
the minimum cost with due consideration to different types of trusses, number of truss 
panels, location of panel points, and member sizes simultaneously. The computer program 
that was developed based on this approach has multiple functions, including analysis, 
strength verification, member size and topology optimization for the truss. The illustrated 
design examples have demonstrated the applicability and efficiency of the proposed 
approach. Therefore, the approach is promising for engineering practice. 
With regard to the non-penalty genetic algorithm that was used in searching for an optimal 
design, it was found that the size of the database for design variables has substantial effects 
on the optimal solution. A larger size of the database provides a better solution in topology 
optimization under multiple load conditions. However, the associated computational time 
will increase considerably as the size of the database expands. Similarly, the design 
population directly affects the convergence ofthe genetic search of a global optimal solution. 
In general, the population is usually between 2% to 3% of the searching space of a design 
problem and is affected by the number of design variables and the size of database of the 
design variables. Multiple runs with different design populations are recommended for 
obtaining the global optimal solution. 
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NOTATIONS 
A Unreduced gross cross-section area of member 
Ae Effective cross-section area of member 
Ae:/y Effective cross- section area of member under yield stress 
Ai Sizing variable i for optimization; unreduced cross-sectional area of member i 
Cf Factored compressive axial force 
Cr Compressive resistance 
Cr-/y Compressive resistance under yield stress 
Cex Euler buckling load about x-axis 
dk Web-to-chord cost coefficient 
410 
ex Strong axis eccentricity 
ey Weak axis eccentricity 
fi Strength Response ratio 
Fa Compressive limit stress under concentric loading 
Fe Flexural compressive limit stress 
Fy Yield stress of cold-formed steel 
K Effective length factor 
KL Effective length 
Kt Effective length factor for torsional buckling 
[KL/r] Allowable slenderness ratio 
L Unbraced member length 
L j Length of member i 
Mf Moment in a member due to factored load 
Mr Moment resistance 
rj Radius of gyration of unreduced cross-sectional area of member i 
Se Compressive section modulus based on moment of inertial of effective cross-sectional 
area 
S, Tensile sectional modulus based on moment of inertial of effective cross-sectional 
area 
1J Factored tensile force on member 
Tr Tensile resistance 
J0 Topology design variable 
Y/ Fitness of design I 
Y,lIax Estimated maximum cost of truss 
2/ Total cost of design I 
ux,uy Amplification factors 
I/l Resistance factor for tension and bending 
I/la Resistance factor for axial compressive 
rox, roy Coefficient used to determine equivalent uniform bending stress 
